A GAG deletion in the DYT1 gene accounts for most early, limb onset primary torsion dystonia (PTD). The genetic bases for the more common adult onset and focal PTD are less well delineated. Genetic loci for an "intermediate dystonia" phenotype and for torticollis, named DYT6 and DYT7 respectively, have recently been mapped in single families. To evaluate the contribution of these genetic loci to other families with familial "non-DYT1" dystonia five large families with dystonia were studied using genetic markers spanning the DYT6 and DYT7 regions. There was no evidence of linkage to either locus in any family. These findings illustrate the genetic heterogeneity of the dystonias and indicate the existence of one or more as yet unmapped genes for dystonia. Large collaborative eVorts will be required to identify these, and additional genes, causing PTD. (J Neurol Neurosurg Psychiatry 1999;67:395-397) 
1
In the absence of an identified cause or other neurological abnormalities, this syndrome had been termed "idiopathic torsion dystonia". However, with the mapping and identification of several genes causing idiopathic dystonia, the term primary torsion dystonia (PTD) is now preferred. 2 DYT1, on chromosome 9q34, was the first PTD gene mapped. A three base pair, GAG (glutamic acid) deletion in this gene, which encodes an ATP binding protein TorsinA accounts for almost all early onset generalised PTD in several ethnic groups. 3 4 The typical clinical features of DYT1 associated dystonia are limb onset and spread to the trunk which rarely aVects craniofacial muscles. 5 6 By contrast, late onset PTD tends to begin in craniocervical muscles or an arm and usually remains focal or segmental in distribution. There has been no relation found between DYT1 and dystonia in families with prominent craniofacial involvement, 3 5 7 8 or late onset, focal, cervical dystonia (torticollis). 9 The genetic basis of most adult onset PTD has not been established. Up to 25% of patients with focal dystonia have an aVected relative, 10 suggesting the existence of one or more dominantly inherited genes with reduced penetrance.
Two loci causing these "non-DYT1" dystonias have now been mapped. Leube et al mapped DYT7, causing adult onset focal PTD, to chromosome 18p, 11 and Almasy et al mapped DYT6, causing an "intermediate" phenotype with features common to both early and late onset PTD, to the pericentromeric region of chromosome 8. 12 As a first step in evaluating the contribution of DYT6 and DYT7 in PTD, we have analysed five families with non-DYT1 PTD with markers spanning these regions on chromosomes 8 and 18.
Patients and methods

PATIENTS
The clinical details of the five families studied have been reported previously. 8 9 13-15 Participating family members were examined by a neurologist and the examination was videotaped. Writer's cramp was tested for in all patients. Diagnosis was confirmed by independent review of the tapes. Secondary dystonia was excluded with appropriate investigations.
DNA ANALYSIS DNA was extracted from peripheral blood leucocytes using standard techniques. Microsatellite markers were amplified from genomic DNA using the polymerase chain reaction. The candidate regions containing the DYT6 and DYT7 loci are large (40-50 cM). To fully exclude either region for each family required a marker density which varied with the size of the family and the number of recombinations with aVected members in each region. For the DYT6 region, microsatellite markers between markers D8S1791 (8p21) and D8S1475 (8q22) were analysed. For the DYT7 candidate region, markers from 18pter to D18S843 were analysed. The number and average interlocus spacing of markers typed for each family are given in In each family, pairwise LOD scores were calculated for dystonia and markers in the candidate regions using the MLINK program. 16 Multipoint analysis was performed using the VITESSE program. 17 An autosomal dominant model of inheritance was used with a disease gene frequency of 0.0001. Only definitely aVected family members were classified as "aVected" for linkage and unaVected and possibly aVected family members were classified as phenotype "unknown". This conservative, "affecteds only", methodology was used for all analyses to avoid bias from the inclusion of possibly aVected members or incorrect estimation of penetrance or age at onset. The identical twins in family 1 were considered as one person for the purposes of linkage. Marker allele scoring was uniform across all families and frequencies were estimated by allele counting with all genotyped subjects. Under the null hypothesis of no linkage, this gives unbiased estimates of allele frequencies.
Results
PATIENTS
The clinical features of all five families have been reported in detail. 8 9 13-15 ; with no known relationship to family 1. Of the 21 patients examined, seven had definite dystonia and four possible dystonia. Among the definitely aVected members six had onset of symptoms in the cervical muscles and one in the arm. Dystonia remained focal in all but one patient, in whom there was spread to an arm (segmental dystonia).
Family 3 is Italian. 8 Among the 45 family members examined, eight had definite dystonia and six had probable dystonia. Symptoms began in the craniocervical region in six of the definitely aVected patients and in the arms in the remaining two. There had been progression to mild generalised dystonia in two patients and segmental dystonia in four at the time of last examination.
Family 4 is Australian of English ancestry. 15 At the latest assessment 11 family members were definitely aVected among the 36 examined. Spasmodic dysphonia was prominent, being present in all aVected members and the presenting feature in most. Dystonia progressed to become generalised in eight patients and segmental in one. Two siblings had Wilson's disease; both had dystonia indistinguishable from other family members; they were therefore classified as aVected. Family 5 is American of German ancestry, unrelated to families 1 or 2. 13 Of the 53 family members examined seven had definite dystonia, three probable dystonia, and 10 possible dystonia. Symptoms began in the neck in six definitely aVected members and progressed to involve cranial and cervical muscles in all seven. Dysarthria or dysphonia were present in five members. One family member developed generalised dystonia; symptoms remained segmental or multifocal in the remainder.
LINKAGE ANALYSES
We found obligate recombinations between dystonia and the informative markers across the regions spanning DYT6 and DYT7 in all five families. Multipoint analyses excluded these regions (LOD scores<−2) except for portions of the DYT6 region in family 1. The 
Discussion
These data provide compelling evidence for the existence of one or more genes in addition to DYT1, DYT6, and DYT7 as a cause for PTD. Although the experience with DYT1 indicates that early onset, limb PTD is genetically relatively homogeneous, the great majority being accounted for by mutations of torsinA, such is not the case for adult onset cervical PTD. 3 4 Considerable genetic diversity underlies the phenotype of adult onset, predominantly craniocervical, dystonia. Dystonia starting in or confined to head and neck muscles may result from mutations of one or more as yet unidentified genes segregating in the families studied here, as well as from DYT6 and DYT7 mutations. Even DYT1 may rarely present in this manner. 5 The presence of allelic association at D18S1098 in patients with torticollis living in the same region of northern Germany as the family studied to map DYT7, 18 suggests that this may be an important gene in some geographical regions. However, the identical phenotype in families 1 and 2, both of German origin, is unrelated to DYT7. By contrast with the families studied here the low recurrence risk of dystonia in relatives of most patients with torticollis might imply that other, low penetrance, mutation(s) or non-genetic factors may underlie most of this condition. 19 Large families with non-DYT1 PTD suitable for linkage analysis are comparatively rare. Further genetic linkage studies to identify the gene or genes underlying dystonia in these families are presently underway. 
